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EFFECT OF COLD WEATHER ON PRODUCTIVITY 

Gunars Abele 

U.S. Army Cold Regions Research and Engineering Laboratory 
Hanover, New Hampshire 03755 

Abstract 

A "cold environment factor" scheme, based on data from various sources which indicate the apparent effect 
of cold weather characteristics on manual and equipment task efficiency, has been developed to estimate 
the expected effort, in terms of required time, for performing tasks in any cold environment condition. 

Introduction 

Almost any kind of outside work requires more time and effort when performed in a cold environment, the 
principal characteristics of that environment being low temperature, wind and precipitation (snowfall). 

Comparative field tests, where the only variables are the environmental conditions, while the tasks, 
equipment and personnel remain the same, would provide relatively reliable data on the effects of the 
environment. In the absence of such data, it is necessary to use the available results of various surveys from 
the construction industry and the military, which indicate the relative efficiency of people and equipment 
while functioning in selected cold environment conditions [Refs. 1-13]. The following analysis represents 
an initial attempt to predict the influence of cold environment on outdoor work by introducing a "cold 
environment factor," the inverse of efficiency. 

Effect of temperature. wind and snowfall 

Figure 1 shows the typical range of efficiency for construction or repair type of manual and equipment 
tasks as a function of air temperature. The upper curve of the manual task envelope in Figure I could be 
considered the upper efficiency level, the lower curve representing the lower efficiency level. Below -40°F 
any manual work becomes extremely difficult, regardless of motivation or experience. Also, at this 
temperature construction equipment are rarely operated. Data from surveys show that the variation in 
efficiency of a particular piece of equipment or a task at a specific weather condition is much wider than the 
variation between several different types of equipment. Therefore, at this time, no distinction . is made 
between specific types of tasks or equi_pment. 

There is a general lack of published data on the effects of wind. For manual tasks, the wind influence can be 
expressed by the "windchill" factor which combines the effects of bolh temperature and wind on humans. 
The general empirical equation, developed by Paul Siple 50 years ago in Antarctica [Ref. 14], is: 

Te = 91.4-[( 0.288fo +0.45-0.0I9V) (91.4- T)] 
where Te = equiv. windchill temp. (°F) 

V = wind speed (mph) 
T = air temperature (°F) 

The equation is applicable only for the wind speed range between 5 and 50 mph. For the range of 5<V<30, 
the windchill can be computed more conveniently by: 
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Te =logV (0.59T-54.2) + 0.59T + 37.2 

The relationship between windchill and wind speed at various air temperatures is shown in Figure 2 . 

The windchill factor can not be applied to equipment. Available data show equipment efficiency to be in the 
80 to 90% range at a wind speed of 30 mph, requiring interpolation for lower wind speeds. 

The effect of snowfall intensity (which incorporates visibility, accumulation problems, etc.) on manual and 
equipment tasks is shown in Figure 3. 

Field tests of various tasks under actual cold environment conditions are needed to indicate whether or not 
other factors besides temperature, wind speed and snowfall intensity have to be considered in establishing 
the expected efficiency of performing a task in cold weather. Some conditions such as slipperiness, for 
example, can be controlled and, therefore, are not considered at this stage. 

The cold environment factor 

To express the relative effort of performing a construction or a repair task in cold weather, it is more 
convenient to use a factor that is the inverse of efficiency (F = liE), the base value (F = I) representing the 
effort required to perform the task under ideal weather con~itions (temperature 50 to 60°F for manual tasks, 
40°F or above for equipment tasks, no wind or precipitation). As work efficiency decreases with the 
adversity of weather conditions, the "cold environment factor" increases, giving the value by which the 
optimum work effort (in terms of time) would have to be multiplied to determine the length of time 
required to perform the task in a particular cold environment condition. 

From the efficiency data, nomographs have been constructed showing the "cold environment factors" for 
manual (F m ) and equipment tasks <Fe ) at any temperature, wind and snowfall condition. 

The factor for manual tasks is shown for both the lower and upper efficiency levels (Figures 4 and 5, 
respectively). For equipment performance, the mean values from Figure 1 were used to construct the 
nomograph (Figure 6). The factors for the manual (upper efficiency level) and equipment tasks for various 
environmental conditions are shown in Table I . 

The example shown in Figures 4 through 6 (T = 20°F, V = 20 mph, P = moderate snowfall) indicates that, 
for this condition, the standard time for each manual task would have to be multiplied by 2.2, assuming 
upper efficiency level (or by 3.6 for the lower efficiency level), and the time for any equipment task by 1.3. 

Since the available equipment efficiency data cover quite a range of equipment types and tasks (not listed 
here), it should be understood that, at this point, the "cold environment factors" shown here are, at best, 
tentative typical values, representing the average of a wide variety of equipment operations. To some 
degree, this situation applies also to the factors for manual tasks. 

A typical military application of the "cold environment factor" scheme would be, for example, in the 
development of rapid runway repair procedures, where time is a critical element. When Program Evalua
tion Review Technique (PERn diagrams are eventually developed showing the "critical path" for repair 
procedures during ideal weather conditions, it will be necessary to predict the expected cold environment 
effects on the schedule. The introduction of the "cold environment factors" will result in a stretched PERT 
diagram, an important consideration being the effect on the "critical path." 

An example of this is illustrated in Figure 7, which compares the PERT diagram of an U.S. Air Force rapid 
runway repair procedure in ideal weather conditions [Ref. 15] with the PERT diagram resulting fro m 
introducing the appropriate manual and equipment task "cold environment factors" (upper efficiency level) 
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for a sample cold weather condition. The ratio of the estimated required time in cold weather (415 min) and 
the scheduled time in ideal weather (230 min) results in a factor of 1.8. That is, this particular task, which 
required approximately 4 hours in ideal weather, would probably require approximately 7 hours when done 
during a snowy, windy day at a temperature of 20°F, assuming performance at a high motivation and 
efficiency level. 

At this stage, the cold environment factor scheme, described here, is merely a first attempt to predict the 
likely effect of a cold environment on construction and repair efforts. Actual field tests are required to 
determine if and how the "cold environment factors" need to be modified. 
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Efficiency Level 
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Figure 1. The effect of temperature on manual and 
equipment tasks. 
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Figure 2. Windchill equivalent temperature. 
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Table 1. Cold environment factors in various 
weather conditions. 

Cold 
Environmental Environment 

Conditions Factor 

Wind Snow- Fm Fe 
T(OF) (mph) fall (Manual) (Equipm.) 

20 <5 0 1.1 1.05 
20 <5 L 1.2 1.10 
20 <5 M 1.7 1.24 
20 <5 H 2.7 1.40 

10 <5 0 1.2 1.09 
10 <5 L 1.3 1.14 
10 <5 M 1.8 i.29 
10 <5 H 3.0 1.45 

0 <5 0 1.3 1.16 
0 <5 L 1.5 1.22 
0 <5 M 2.0 1.37 
0 <5 H 3.3 1.54 

-10 <5 0 1.5 1.23 
-10 <5 L 1.7 1.34 
-10 <5 M 2.3 1.51 
-10 <5 H* 3.7 1.70 

-20 <5 0 2.0 1.54 
-20 <5 L 2.2 1.62 
-20 <5 M* 2.7 1.82 
-20 <5 H* 4 2.05 

20 20 0 1.4 1.10 
20 20 L 1.6 1.16 
20 20 M 2.2 1.30 
20 20 H 3.5 1.47 

10 20 0 2.0 1.1 4 
10 20 L 2.2 1.20 
10 20 M 2.6 1.35 
10 20 H 4 1.52 

0 20 0 >5 1.22 

•Snowfall of this intensity at this temperature very un
likely. 
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Figure 3. The effect of snowfall on manual and 
equipment tasks. 
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Figure 5. Nomograph for estimating cold 
environment factor for manual tasks (up
per efficiency level). 
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Figure 4. Nomograph for estimating cold 
environment factor for manual tasks (lower 
efficiency level). 
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Figure 6. Nomograph for estimating cold 
environment factor for equipment tasks. 



0 

I 
I 
I 
I 
I 

60 

Sweep and paint ' 
----"----'-----;(j runway 

120 
TlME (MINUTES) 

,-- -- ----- ---c~....:....--{l 
I 
I 

. ' 
I ' 

0 60 120 

Ideal weather 

180 240 

AFR 93-2 
Rapid Runway 
Repair Procedure 

CRITICAL PATH 
---- REQUIRED STAAT 
---- - - ---- • OPTIONAL START 

SWHP and point runway 
0 

........ ' 

Temp. = 20•F 
Wind 20mph 
Snowfall = Moderate 

180 240 300 360 

TIME (MINUTES) 

Figure 7. PERT diagrams for a runway repair procedure in ideal and cold weather. 

65 

~-

420 



REFERENCES 

I . Armstrong, H. G. ( 1936) "The Loss of Tactical Efficiency of Flying Personnel in Open Cockpit 
Aircraft due to Cold Temperatures," Military Surgeon, Vol. 79, p. 133- 140. 

2. Department of the Army (1950) "Construction of Runways, Roads and Buildings on Permanently 
Frozen Ground," Technical Bulletin 255-3. 

3. Department of the Navy (1969) "Planning Navy Advanced Bases," NAVFAC P-385. 
4. Fox, W.F. (1967) "Human Performance in the Cold," Human Factors, Vol. 9, p. 203- 220. 
5. Havers, J .A. and Morgan, R.M. (1972) "Literature Survey of Cold Weather Construction Prac

tices," USACRREL Special Report 172. 
6. Koehn, E. and Meilhede, D. ( 1981) "Cold Weather Construction Costs and Accidents," Journal of 

the Construction Division, ASCE, Vol. 107, No. C04, p. 587 
7 . Koehn, E. and Brown, G. (1985) "Climatic Effects on Construction," Journal of the Constr. Div., 

ASCE, Vol. Ill, No. 2, p. 135. 
8. Mather, Jr. R. ( 1974) "Climatology: Fundamental and Applications," McGraw-Hill, New York, p . 

219-269. 
9 . Nottingham, D. et al. ( 1983) "Pile Construction Practices in Arctic Regions," Monograph on Cold 

Regions Construction, ASCE, p. 38. 
10. Osborne, A.M. (1967) "Feasibility of Cold Weather Earthwork in Indiana," Purdue Univ., Joint 

' ' Highway Research Project No. 15, p. 6. 
II . Whitehead, J .M. et al. ( 1983) "The Effects of Weather on Rapid Repair," AFESC Report ESL

TR-82-41. 
12. Wittrock, J. (1967) "Reducing Seasonal Unemployment in the Construction Industry," OEDC, 

Paris, p . 284. 
13. Yoakem, D. (1966) "A Survey of Winter Construction Pract ices; Earthwork, Concrete and 

Asphalt," USACRREL Specia,l Report 76. 
14. Siple, P.A. and Passel, C .F. (1945) " Measurements of Dry Atmospheric Cooling in Subfreezing 

Temperatures," Proc. Am. Phil. Soc., Vol. 89, p. 177-199. 
15. Mascarella, T.J . (1983) "Rapid Runway Repair Task Degradation Study," AFESC Report ESL

TR-83-06. 

66 


